Paramagnetic NMR shifts in cyanoferricytochrome c. Investigation of thermal stability and deviations from Curie law behaviour.
The paramagnetic shifts of 13C nuclei positioned alpha to the haem in cyanoferricytochrome c are reported and analysed in terms of molecular orbitals based on D4h symmetry with a rhombic perturbation. The temperature dependence of the Fermi contact and dipolar shifts of the haem and axial histidine ligand show deviations from Curie Law behaviour which are explained by a Boltzmann distribution between partially filled 3e(pi) molecular orbitals and the ground and first excited state Kramers doublets. The comprehensive explanation of the temperature dependence of the paramagnetic shifts leads to the conclusion that there is no detectable temperature dependence of the haem orientation or that of the His ligand orientation. This work also provides evidence for the role of the axial His ligand in determining the orientation of the magnetic z-axis.